Late-onset increases in oxidative stress and other tumorigenic activities and tumors with a Ha-ras mutation in the liver of adult male C3H mice gestationally exposed to arsenic.
Tumorigenesis is a complex process involving genetic, epigenetic, and metabolic alterations. Gestational arsenic exposure has been shown to increase hepatic tumors in adult male offspring of C3H mice, which spontaneously develop hepatic tumors often harboring activating Ha-ras mutation. We explored tumor-promoting changes by gestational arsenic exposure with a focus on Ha-ras mutation and gene expression changes. The results of this study demonstrated that gestational arsenic exposure particularly increased hepatic tumors with a C61A Ha-ras mutation. Real-time PCR analyses on the adult normal livers showed that two genes (Creld2, Slc25a30), whose expression are induced by endoplasmic reticulum stress and cellular oxidative stress, respectively, were significantly upregulated and two genes (Fabp4, Ell3), whose products are involved in lipid efflux and apoptosis, respectively, were significantly downregulated more than twofold by gestational arsenic exposure compared with control mice. The expression changes in the four genes were shown to be late-onset events and to some extent to be associated with corresponding histone modifications, and not with DNA methylation changes. The gene expression changes suggested alterations in lipid metabolism and associated oxidative stress augmentation. Consistently, expression of an oxidative-stress-inducible gene heme oxygenase-1 (HO-1) was upregulated in the livers of the arsenic group. We also found increased expression of retrotransposon L1 mRNA in the tumor-bearing livers of the arsenic group in comparison with control mice. These results suggested that gestational arsenic exposure induces tumor-augmenting changes, including oxidative stress and L1 activation, in a late-onset manner, which would particularly promote tumorigenic expansion of cells with a C61A Ha-ras mutation.